Summary: A specific radioimmunoassay was developed for 19-nortestosterone (nandrolone) in urine.
Introduction
r . , 4 . .-.f . fr 0 . ., of its cheapness, stabihty and efficacy, Smce the reThe use of hormonal anabolic agents in animal pro-introduction in the Netherlands of the forensic conduction can increase protein deposition and nitrogen trol programme for "stilbenes" in bovine urine the retention, resulting in a 10-15% increase in weight, use of diethylstilbestrol has decreased dramatically to particularly in cattle. Especially diethylstilbestrol, a almost zero (1).
This trend was observed earlier in an investigation of anabolic preparations detected in application sites isolated from slaughtered cattle (2) . The frequency of detection indicated that diethylstilbestrol was present in only 11 % of the preparations investigated, whereas 19-nortestosterone, medroxyprogesterone and testosterone in combination with oestradiol were found much more frequently. Especially 19-nortestosterone was detected in almost all (97%) of the anabolic preparations.
In our Institute these observations have initiated on behalf of the Veterinary Chief Inspectorate of the Ministry of Public Health the development of several detection methods for 19-nortestosterone in urine. Although it is known from the literature that 19-nortestosterone is metabolized to a large extent in human, rabbit and horse, it was-still decided, for forensic purposes, to develop methods for 19-nortestosterone itself, with a view to a metabolic study of 19-nortestosterone laurate in cattle. Besides the development of thin layer chromatography and high resolution mass spectrometry, a radioimmunoassay was required for large scale detection of 19-nortestosterone residues in bovine urine. Since no commercial antiserum against 19-nortestqsterone was available, own antisera were produced in rabbits. To obtain a better specificity than reported in the literature (8 -11) an albumin conjugate was synthesized attached at position 7 of the steroid moiety. In addition an immunoassay was developed using, chemiluminescence detection (16) . To obtain the additional specificity required for forensic investigations, the urine extracts were purified using high performance liquid chromatography (HPLC) prior to the immunoassays. The characteristics of the antiserum and the HPLC-RIA are reported here, and their application. to the radioimmunochemical detection of 19-nortestosterone in bovine urine is described.
Material and Methods

Reagents
All solvents and reagents used were analytically pure. The enzyme preparation glucuronidase/sulphatase (Sue d'Helix pomatiä) was obtained from IBF Reactifs, France and used without further puriflcation.
• r -1) A solution of 19-nortestosterone (1.0g), trimethoxymethane (l ml) and p-toluene sulphonic äcid (100 mg) in dioxane (10 ml) was left at room temperature for two hours. Water (10 ml) and pyridine (l rril) were added and the mixture was extracted with Chloroform (3 50 ml). The combined organic layers were dried over sodium sülphate and evaporated to give the dienol ether. The 17-hydroxyl group was partly formylate'd under these conditions. Part of the crude product (100 mg) was dissolved in 10 ml acetone/water (95 5). Dichlprpdicyanoquinone (DDQ, 80 mg) dissolved in acetone (2 ml) was added. After two minutes at room temperature more acetone (20 ml) was added and the mixture was filtered pver alumina (10g). Eiution with pure acetone gave the dienone. The ester function was hydrolysed by the action of 0.1 mol/1 sodium hydroxide in water/methanoi (l H-1). The crude product was gurified by flash chromatography. Eiution with petroleum ether (b.p. 40-60°Q/ ethyl acetate (l + 1) afforded pure oestra-4,6-diene-3-one-17ß-ol. Proton magnetic resonance chemical shifts in ppm relative to tetramethylsilane in deuteroehloroform were 8.82 (s,3H), 3.67 (bt,lH), 5.72 (bs,lH), 6.13 (s,2H).
The 7arcarboxyethyl thio ether of nortestosterone was prepared according to the method described by Weinstein et al. (3) . .
The conjugation of the nortestosterone thio ether to bovine serum albumin was accomplished using the carbodiimide method (4).
Preparation of antisera against 19-nortestosterone-BSA Antisera against the 19-nortestosterone-BSA conjugate were raised in rabbits (New Zealand) by four intramuscular injections of 0.5 mg immunogen dissolved in 0.3 ml saline and 0.7 ml complete Freund** adjuvant at 4 week intervals. After each booster injection the antiserum titer was checked.
collected automatically during l minute around the retention time of 19-nortestosterone, which was determined previously from the UV absorption (240 nm) of a 19-nortestosterone Standard (40 ng). The fraction collecting System consisted of a modified fraotion collector (model Redirac, LKB) equipped with Hypersil ODS, 5 μηι (Shandon) using a Column Packing Instrument (Shandon) and was protected by a precolumn (75 mm χ 2.1 mm, Chrompack) filled with Bondapak Corasil C18 (Waters Ass.). The main column was thermostated at 30 °C with a home-made metal heat exchanger. Flow conditions were from 0 to 7 min methanol/water (6 + 4) and from 7 to 9 min pure methanol at a flow rate of 2.0 ml/min.
HPLC purification of urine extracts
The HPLC equipment included an automatic injector (WISP, Water Ass.), and two solvent delivery sytems (model M 45 and 6000 A, Water Ass.) controlled by a System Controller (Waters Ass.) (flg. 2). UV absorption was monitored at 240 nm with a variable wavelength detector (model 450, Waters Ass.). The HPLC-column (150 mm χ 4.6 mm, Chrompack) was packed with Hypersil ODS, 5 μηι (Shandon) using a Column Packing Instrument (Shandon) and was protected by a precolumn (75 mm χ 2.1 mm, Chrompack) filled with Bondapak Corasil C18 (Waters Ass.). The main column was thermostated at 30°C with a home-made metal heat exchanger. Flow conditions were from 0 to 7 min methanol/water (6 + 4) and from 7 to 9 min pure methanol at a flow rate of 2.0 ml/min.
After addition of 150pg tritiated 19-nortestosterone s a recovery tracer to l ml urine, followed by enzymatic hydrolysis and ether extraction, an aliquot of 0.4 ml urine was applied onto the HPLC-column. The 19-nortestosterone fraction was
Radioimmunoassay procedure
The 19-nortestosterone fraction from the HPLC-eluate was evaporated at 60°C under nitrogen. To the dry residue l ml of RIA buffer was added. From this solution 0.300 ml was used for detennination of the recovery and 2 χ 0.300 ml was used in the RIA procedure in duplicate. After addition of 0.050 ml RIA-tracer ([   3   H ] 19-nortestosterone, 8000 counts/min), 0.050 ml antiserum and 0.100 ml RIA buffer, the RIA mixture was incubated for l hour at 4°C. Separation of bound and free steroid was accomplished by centrifugation after addition of dextran coated charcoal. Counting of radioactivity was performed on the bound fraction.
The results were calculated from a calibration curve derived from enriched blank urine samples which were submitted to the same purification procedure. The calibration line was calculated after logit-log transformation and linear regression analysis according to Rodbard & Lewald (13) . A schematic representation of the whole procedure is shown in the flowdiagram. (2), oestradiol (3) and testosterone (4). Experimental condition: from 0 to 7 min methanol/water (6 + 4) and from 7 to 9 min pure methanol at a flow of 2.0 ml/min.
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Results
HPLC-purification
Application of the RIA directly to the ether extract of the urine sample, can lead to interference by cross reacting compounds. Therefore an isocratic HPLC purification was developed, in which the steroids trenbolone, 19-nortestosterone, oestradiol and testosterone were completely separated from each other ( fig. 3) . The isocratic HPLC purification was automated using an auto-injector and only the 19-nortestosterone fraction was collected using an automatic fraction collecting System developed at our laboratory. In this configuration 48 urine extracts can be purified automatically overnight (15 hours). This purification System has been operated very satisfactorily in the purification and Separation of various anabolics prior to RIA, TLC or GC/MS (6) and in the radioimmunogram method used for the identification of the stilbene derivatives (7).
Specificity of antisera
Cross-reactivities of two antisera towards possible metabolites and related (anabolic) steroids are given in tablel. Both antisera showed comparable specificity. The cross-reactivities were calculated according to Abraham (5).
Only 17ß-trenbolone showed an appreciable (9.3%) cross-reactivity. All other related steroids, including testosterone and oestradiol, showed cross-reactivities of less than 1.7%.
The antiserum dilutions used were rather low, l: 3000 and l: 800. This is partly düe ; to the low specific radioactivity of the label. The respective relative maximum binding was 30 and 26%.
Assay Parameters
To cälculate the iritra-and inter-asisay Variation, the 19-nortestosterone content of three urine samples (female calves of 14 weeks) was determined ten times in four independent assays. The quälity contröl parameters of the RIA are summarized in table2. In these samples the presence of 19-nortestosterone was confirmed by HPLOGC/MS with high resolution MS by peak matching of the inethoximetrimethylsilylether derivative of 19-nortestosterone with a mass of 375.2593 ± 0.0015 atomic mass units. Chemical (trivial) name 1 7ß-Hydroxy-4-oestrene-3-one (1 9-nortestosterone) 19-Nortestosterone laurate 1 7a-Hydroxy-4-oestrene-3-one (1 9-norepitestosterone) Oestr-4-ene-3,l 7-dione (1 9-norandrostenedione) 5a-Oestrane-3,l 7-dione (1 9-norandrostanedione) 5ß-Oestrane-3a,l 7ß-diol 5ß-Oestrane-3ß,17ß-diol 5ß-Oestrane-3a-ol-l 7-one (19-noretiocholanolone) 1 7a-Hydroxyandrost-4-ene-3-one (epitestosterone) 1 7ß-Hydroxyandrost-4-ene-3-one (testosterone) 5ß-Androstan-17ß-ol-3-one 4-Androstene-17a-methyl-17ß-ol-3-one (methyltestosterone) 1 7a-Hydroxyoestra-4,9,l 1 -triene-3-one (1 7a-trenbolone) 17ß-Hydroxyoestra-4,9,ll-triene-3-one (17ß-trenbolone) Oestra-1,3,5 (10)-triene-3,17a-diol (17a-oestradiol) Oestra-1. The overall recovery pf 19-nortestosterone from urine to RIA buffer was 97.0% ± 6.0% (s.d.), äs determined in 318 samples of bovine urine with tritiated 19-nortestosterone (150 pg). The recovery of tritiated 19-nortestosterone was independent of the amount of urinary 19-nortestosterone in the ränge of 0 to 25 g/l.
Discussion
To obtain a specific antiserum against 19-nortestosterone both the stereochemical configuration and electronic structure at the 3, 17 and 19 positions should remain unchanged. Therefore, coupling of 19-nortestosterone to bovine serum albumin was accomplished via a thio ether linkage at the C-7 Position. Indeed specific antisera with very low crossreactivities (^ 1.7%) towards metabolites of 19-nortestosterone and naturally occurring steroids were observed. The highest cross-reactivity found so far (9.3%) was for trenbolone, a xenobiotic anabolic steroid. In view of the similar molecular structures of trenbolone and 19-nortestosterone, a substantial cross reactivity was to be expected, especially since trenbolone also lacks the 19-methyl group.
All antisera used .in radioimmunoassays of 19-nortestosterone described in the literature were raised against 3-carboxymethyloxime (8, 11), 17-ß-hemisuccinate (11) or lla-hydroxyhemisuccinate (8) 19-nprtestosterone-BSA conjugates. Consequently these antisera showed substantial cross-reactivities against various other steroids.
The 19-nortestosterone RIA described in this paper will be äpplied mainly to the screening of cattle urine to monitor the illegal use of 19-nortestosterone. So far no significant immunochemical response for 19-nortestosterone (^0.3 g/l) has been observed with samples of urine from untreated cattle. To avoid Problems associated with false positive results (1) a highly specific RIA is required. Confirmation by final identification must be performed by HPLC-GC/MS. Possible false positive results can be caused by Irenbolone, oestradiol and testosterone. Although the latter two compounds show low cross-reactivities for both antisera, the high concentration of these naturally occurring and endogeneous steroids can cause positive responses in the RIA determinative Step. A comparative investigation of the RIA without prior Chromatographie purification (direct-RIA) and the HPLC-RIA with 32 urine samples from suspected animals showed that, without HPLC-purification, the apparent 19-nortestosterone concentrations were 1.7 times higher, probably due to the endogenous concentrations of oestradiol and testosterone. For this reason a Separation procedure was developed for 19-nortestosterone, trenbolone, oestradiol and testosterone, using isocratic HPLC. The HPLC-purification, in which only the 19-nortestosterone fraction is collected, is completely automated including the fraction collecting System. Recently a purification on a celite column was reported (8) , which may also be suitable. For further experiments, our antiserum H 152460 will be used on account of its higher titer and negligible cross-reactivity with testosterone. On the basis of the specificity of the developed antisera and the assay characteristics, such äs recovery, intraand inter-assay Variation, it can be conchided that the radioimmunoassay for 19-nortestosterone äs described in this paper is suitable äs a reliable screening method for forensic purposes.
At the present time the detection of 19-nortestosterone äs such is mandatory because 19-nortestosterone is a xenobiotic steroid Since it can be expected (9, 10, 11, 14, 15) that both 19-nortestosterone and testosterone will be metabolized rapidly to a variety of metabolites, residual amouiits of the parent compound in urine will be very low. Work is in progress on 19-nortestosterone metabolism in cattle in order to find a suitable, more abundant rnetabolite äs an indicator of the use of 19-nortestosterone and its esters.
